We have studied 16 patients with anorexia nervosa (11 with a stabilised weight loss and 5 in the weight-losing phase), 11 healthy controls, and 10 patients with Cushing's syndrome, by measuring plasma cortisol (by enzymeimmunoassay), ACTH (by RIA), corticosteroid (Type I-mineralocorticoid and Type II-glucocorticoid) receptors in mononuclear leukocytes (by radio-receptor assay), and lymphocyte subpopulations (by cytofluorimetry).
Introduction
Anorexia nervosa and Cushing's syndrome are associated with increased levels of plasma cortisol (Walsh et al. 1987 , Vierhapper et al. 1990 . A common pattern is also the frequent lack of response to an overnight dexamethasone suppression test (Walsh et al. 1987 , Vierhapper et al. 1990 , Seeman & Robbins 1994 . The effects of cortisol are mediated by binding to corticosteroid receptors at the level of target tissues. The corticosteroid receptors are of two types, Type I and Type II (Funder et al. 1988 , Funder 1996 . Type I receptors are bound by aldosterone in tissues in which cortisol is inactivated to cortisone by the Type II 11-hydroxysteroid dehydrogenase (Funder 1996) , while in other tissues which lack the enzyme, as for example in the rat hippocampus, Type I receptors act as glucocorticoid receptors, being bound by cortisol, and are also involved in the regulation of corticotrophin-releasing factor-adrenocorticotrophin (ACTH)-cortisol feedback (Bradbury et al. 1991) . Type I receptors are also targets for mineralocorticoids in non-classical target tissues for aldosterone when cortisol and/or aldosterone are increased . Type II receptors do respond to higher concentrations of cortisol such as those early in the morning or during stress (Bradbury et al. 1991) . A continuous occupancy of corticosteroid receptors results in excessive activity of steroid-responsive genes despite the capacity for a down-regulation of the receptors which can blunt the effector mechanism itself (Bradbury et al. 1991) . The brain corticosteroid receptors are inaccessible in the clinical population, therefore the study of corticosteroid receptors in humans must be indirect. In the adrenalectomised rat the regulation of corticosteroid receptors is similar in lymphoid tissue and hippocampus (Lowy 1991) , supporting the utilisation of mononuclear leukocytes (MNL) as an index of the regulation of corticosteroid receptors at the supra-hypothalamic level in humans. In a previous study we have characterised Type I receptors in MNL (Armanini et al. 1985a) and have found an equal amount of Type I and Type II receptors in T-and B-lymphocytes (Armanini et al. 1988) . The increased cortisol in anorexia nervosa is not associated with clinical symptoms of hypercortisolism and the number of Type II receptors was found to be normal (Girardin et al. 1991) or reduced (Kontula et al. 1982) in these patients. We have evaluated the corticosteroid Type I and Type II receptors in MNL and lymphocyte subpopulations in patients with anorexia nervosa and Cushing's syndrome, a clinical situation where the effector mechanism of cortisol is clearly increased. The evaluation of lymphocyte subpopulations could provide some information on the lymphoid system changes in hypercortisolism. It has been shown that oral administration of prednisone decreases the number of CD4 (T helper lymphocytes) lymphocytes in blood (Westermann & Pabst 1990 ).
Materials and Methods

Patients
Sixteen cases of anorexia nervosa, fourteen females and two males (age 12-27 years), and ten subjects with Cushing's syndrome (two unilateral adrenal adenomas and eight patients with Cushing's disease, mean age 36 10 years), were studied. The anorexic patients were all pure food restrictors and were without signs of other complicating diseases. They were subdivided into two groups in relation to the phase of the disease: 11 out-patients, anorexic for more than two years with a stable maintenance of the >=25% level of the previous weight (group 1; 10 females, 1 male, age 20 4 years, body mass index (BMI) 15·2 1·2) and 5 in-patient subjects with emaciation and progressive weight loss (group 2; 4 females, one male, age 16 3 years, BMI 15 1). All the anorexic patients met the criteria of the Diagnostic and Statistical Manual IV-R for anorexia nervosa (weight loss of at least 25% of the pre-disease weight, no other diseases which could produce weight loss, refusal to maintain adequate body weight, psychological disturbances) (American Psychiatric Association 1993). The three youngest subjects had primary and the other women had secondary amenorrhea for at least six months. All the subjects studied were free of therapies and in particular none were taking oestrogens nor progestins. A control group of 11 subjects, sex-and age-matched with the anorexic group 1, with normal weight and no history of anorexia nervosa was also studied. Table 1 shows the main characteristics of the patients. In all cases a blood sample was drawn at 0900 h for measurement of plasma cortisol, Type I and Type II receptors numbers in MNL, and lymphocyte subpopulations. Plasma ACTH was measured in 6 cases with group 1 anorexia nervosa, in all cases with group 2 anorexia nervosa and in all cases with Cushing's syndrome. All subjects were clearly informed of the study and gave their consent.
Methods
Plasma cortisol was measured by enzyme-immunoassay (TDX; Abbott, Rome, Italy), plasma ACTH was measured by RIA (Euro Diagnostic, Harnhem, Holland; range of normality 20-100 pg/ml (4·4-22·2 pmol/l)), corticosteroid receptors were measured in MNL by a radioreceptor assay as previously described (Armanini et al. 1985a,b) . Briefly the MNL were separated from the heparinised blood by a Percoll gradient and the cells were preincubated three times in saline and centrifuged in order to dissociate endogenous steroids from the receptors. An aliquot of cells was then incubated for one hour at 37 C, with increasing amounts of [ 3 H]aldosterone or [ 3 H]dexamethasone alone or with addition of excess of the respective cold hormones. After incubation and washings the radioactivity was counted and results expressed by Scatchard analysis. In the Type I assay an excess of a pure glucocorticoid RU 26988 was added to block aldosterone binding to Type II receptors. The normal range in adult subjects for Type I receptors is 175-400 and for Type II receptors 2400-8000 receptors per cell. Lymphocyte subpopulations were measured by cytofluorimetry (Cytoron Ortho, Milan, Italy), using specific antibodies. Results are expressed as single values and means .. Statistical analysis was done by Scheffe f-test preceded by an ANOVA.
Results
The mean value of plasma cortisol was significantly higher in anorexic patients (group 1) and in Cushing's syndrome than in controls (anorexia 24·5 6·5, Cushing 30·3 5·1, (Table 1 ). The percentage of CD4 (T helper lymphocytes) and CD8 (T suppressor lymphocytes) subsets and the CD4/CD8 ratios were in the normal range, and not different in the three groups (anorexia 1·6 0·5, Cushing 1·3 0·5 and controls 1·6 0·5) ( Table 1) . A positive significant correlation was found between plasma cortisol and Type II receptors in controls (P<0·03), while this correlation was inverse in group 1 anorexia nervosa (P<0·0005, Fig. 4 ) and in Cushing's syndrome (P<0·0005, Fig. 4) . No significant correlations were found between plasma cortisol and Type I receptors, nor between Type I and Type II receptors. In the group 2 anorexic patients plasma cortisol was higher (mean 22 0·7 µg/dl, P<0·03) and Type I receptor numbers were lower (124 70 receptors per cell, P<0·001) when compared with controls, while Type II receptor numbers (3920 1052 receptors per cell) (Figs 1, 2 and 3) and lymphocyte subpopulations were in the normal range (Table 1) . 
Discussion
Patients with malnutrition or psychiatric diseases frequently have high levels of plasma cortisol, and patients with Cushing's syndrome can also manifest psychiatric complications as a result. The exposure of cells in culture to glucocorticoids, or short-term administration of synthetic glucocorticoids, decreases the level of Type II corticosteroid receptors in MNL (Schlechte et al. 1982 , Hampl et al. 1994 , but the previous studies in patients with long-term corticosteroid treatment and Cushing's syndrome were not consistent with these findings, having corticosteroid receptor numbers still in the normal range in MNL (Pardes et al. 1989 (Pardes et al. , 1991 . The main results of our study are a more evident reduction of Type II corticosteroid receptors in MNL of patients with anorexia nervosa with stable weight loss than in patients with Cushing's syndrome, and an inverse correlation between plasma cortisol and Type II receptors in both groups. We have also confirmed our previous data of a positive correlation between plasma cortisol and corticosteroid Type II receptors in healthy subjects (Armanini et al. 1992) . Our results in stabilised anorexia nervosa patients are in agreement with those of Kontula (1982) who used the same incubation temperature as in our study. It is worth noting that in the 5 cases who were still in the phase of body weight loss, the receptor number was normal, thus suggesting that the reduction of receptors is linked to the duration and the stabilisation of the disease and that the clinical manifestations precede the corticosteroid receptor abnormalities. Thus the mechanism for the reduction of corticosteroid receptors in group 1 anorexia nervosa seems more similar to that of aged subjects who have an age-related decrease of receptors and an increase of plasma cortisol to maintain an adequate function of the corticosteroid effector mechanism (Armanini et al. 1992 , Armanini 1994 . In fact we found both in ageing (Armanini 1994) and in group 1 anorexia nervosa an inverse correlation between plasma cortisol and Type II receptor number. We previously found a correlation between corticosteroid receptors and age (Armanini et al. 1992 ), but our anorexic subjects were an homogeneous group in relation to age and the data of group 1 anorexia nervosa was clearly lower than in controls. An inverse correlation between plasma cortisol and Type II receptors was also found in our patients with Cushing's syndrome, but in this case the receptor decrease was lower in relation to the respective value of plasma cortisol and this finding could be consistent with a subtle down-regulation of Type II receptors, as suggested also by Pardes et al. (1989) . It has been demonstrated that immunodepression in Cushing's syndrome is mild suggesting an adaptation to hypercortisolism (Kling et al. 1993) , and our data on lymphocyte subpopulations is consistent with this finding.
From our data it is not possible to demonstrate whether the reduction of corticosteroid receptors in our patients is related to an insensitivity to glucocorticoid receptors (GR) or to a hyperfunction of the pituitary-adrenal axis. An hypothesis which could be formulated is that in initial anorexia nervosa there is an increase in plasma cortisol and that, after adaptation to the disease, there is also a reduction in the number of corticosteroid receptors at the hypothalamic, supra-hypothalamic and at the lymphoid level. Plasma ACTH concentration was not increased in our subjects, and our data is consistent with that of Gold et al. (1986) , who hypothesised that the defect in anorexia is at, or above, the hypothalamus and not at the pituitary level. The clinical picture of frank hypercortisolism is not evident probably due to the prevalent reduction of corticosteroid receptors in relation to the respective cortisol values and to the lack of adequate metabolic substrate for the changes on fat disposition (Kling et al. 1993 , Liu et al. 1994 , Seeman & Robbins 1994 .
A disregulation in catecholaminergic regulation of corticosteroid receptors could be involved in the discrepancies between corticosteroid receptor number in the two groups of anorexic subjects. We did not measure catecholamines in our subjects but a previous study by Sato et al. (1988) has shown that subjects with anorexia nervosa with initial emaciation have adrenergic hyperactivity, while in the stabilisation phase the adrenergic tone is reduced. A possible alternative mechanism for modulation of glucocorticoid action could be an alternative splicing of the glucocorticoid receptor: GR could act as a dominant negative inhibitor of GR action (Ray 1996) . Finally, the absence of clinical hypercortisolism in anorexia nervosa could be related to a decreased cortisol bioactivity under the control of 11 -hydroxysteroid dehydrogenase activity modulating both glucocorticoid and mineralocorticoid hormone action (Funder 1996) .
Another point of discussion is the implication of the reduction of Type I receptors in anorexia nervosa. A reduction of Type I receptors in MNL, with normal numbers of Type II receptors can be related to a down-regulation of the Type I receptors due to excess of mineralocorticoids as occurs in Conn's syndrome . In anorexia nervosa the contemporary reduction of Type I and Type II receptors seems instead to be a primary phenomenon possibly linked to the same central mechanisms which reduce Type II receptors. In some of our anorexic patients with initial emaciation and in the patient who had a relapse of the disease, the Type I receptor number was reduced while the Type II receptor number was normal. This discrepancy is consistent with a prior reduction of Type I over Type II receptors.
In conclusion, from our data the course of anorexia nervosa is progressive and the reduction in corticosteroid receptors follows the increase in plasma cortisol; when corticosteroid Type II receptors decrease they are inversely correlated to plasma cortisol. The exact mechanism remains to be elucidated.
